Purpose To review the literature focusing on the effects of dietary behavioural changes on cancer patients' healthrelated quality of life (HRQOL). Methods Relevant databases were searched for studies that report the relationship between dietary changes and HRQOL of people with cancer and synthesized and systematically reviewed the available evidence. Papers were assessed for methodological quality, and the themes identified were summarized. Results The selected studies included only randomized control trials, which target changes in diet. Twelve studies were identified, which focus on the association between lifestyle changes that included changes in diet and HRQOL among cancer patients. Results have been mixed, and dietary changes have been shown to partly affect HRQOL, but other factors seem to be important as well in defining that relationship. Moreover, cancer groups with higher survival rates (prostate, breast, colorectal) seem to benefit more from dietary changes, while different HRQOL constructs are affected with no clear indication of directional benefits on physical or mental health.
Introduction
Until recently, very few studies existed that investigated the association between dietary behaviour and psychosocial factors, such as quality of life and physical functioning. Ortega et al. [1] were among the first to establish an association between diet and physical functioning among people at risk of cardiovascular disease. Demark-Wahnefried et al. [2] extended this by adding that cancer patients' physical functioning can be improved with dietary change.
In clinical research, health-related quality of life (HRQOL) is used instead of quality of life and constitutes patients' perceptions of their present level of functioning and satisfaction compared to a perceived ideal one [3] . In general, HRQOL quantifies the psychological, social and physical aspects of therapy and the illness itself [4] . The importance of targeting HRQOL is evident from the radical increase of HRQOL-related citations in PubMed for the past two decades [5] .
Cancer patients are likely to pursue lifestyle changes and represent a group that could benefit from dietary interventions [6] . Demark-Wahnefried et al. [7] found a strong interest among cancer patients in health promotion programmes that encouraged healthier diets. In particular, a review [4] highlights the importance of nutritional interventions in oncology and the critical importance of the relationship between HRQOL and changes in diet.
When assessing the relationship between dietary change and HRQOL, it is not clear whether diet affects HRQOL or whether it reflects it. Therefore, systematically investigating the relationship between changes in diet and HRQOL is prone to showing a potential association. Also, some studies are limited by using a cross-sectional research design, which does not allow assessment of causal relationships between HRQOL and changes to cancer patients' diet [2, 8, 9] .
Evidence on the association between cancer patients' HRQOL and their dietary changes is of prominent interest to health professionals and especially nursing staff. A recent discursive paper [10] highlighted that current cancer healthcare guidelines suggest that nursing staff should be able to provide appropriate lifestyle advice including diet. According to the UK Department of Health [11] , guidelines in the UK suggest that educating healthcare staff on the importance and consequences of changing cancer patients' diet is an important public health target.
Until now, behaviour change strategies are reported to have failed to have an impact on patients' HRQOL because of research design, poor reported information in reports and the multifaceted interventions that make it difficult to evaluate the effect of different components [12] . This review aims to fill the gap in knowledge regarding the association between HRQOL and dietary changes among cancer patients.
The aims of this review are twofold:
(a) To evaluate the relationship between change to diet after cancer and change to HRQOL among cancer patients and (b) To evaluate the quality of available evidence to inform on gaps in our understanding and propose directions for future research.
Methods

Search criteria
Abstracts were initially reviewed using combinations of the following keywords: ''cancer'' ''survivors'', ''quality of life'', ''health-related quality of life'', ''functioning'', ''diet'', ''nutrition intervention'', ''well-being''. Limits were set on the search in terms of ''English'' and ''adults'' because there was no opportunity for translating foreign language papers into English, and potential papers with children diagnosed with cancer have the potential to skew the homogeneity of participants because of specifics of child cancer. In Phase 1, the MEDLINE, PSYCINFO and IOS WEB OF KNOWLEDGE databases were searched for published research articles. Duplicates were checked. In Phase 2, the focus of reviewing papers was on information regarding the sample (cancer patients), study design (randomized control or clinical trials with at least a nutritional aspect on the intervention), outcome measures (HRQOL), measurement tools (standardized HRQOL tools) and the testing association (between dietary changes and HRQOL). All papers targeting patients of any cancer type, in all treatment phases, were considered for inclusion to allow for comparisons between cancer and treatment types. Papers with people in cancer survivorship were also considered for inclusion. Pilot and feasibility studies were excluded because of preliminary data. Abstracts were assessed against the above criteria, and studies that failed to meet the criteria were excluded (Fig. 1) .
Search results and data synthesis
Initially, 655 studies were identified using the keywords and by hand search. While at Phase 1, 631 studies were excluded based on the exclusion criteria of Phase 1, in Phase 2, 24 studies published between 2000 and 2014, featuring 14,210 individuals diagnosed with cancer, exploring the association between dietary change and HRQOL were identified. Fourteen studies were randomized control trials (RCTs), of which three focus on diet only, eight on diet and exercise, one on exercise, weight management, diet, alcohol consumption, smoking and acceptance and commitment therapy, one on diet, exercise and stress management and one on diet, exercise, sedentary behaviour, alcohol consumption and smoking (see Tables 2, 3 , 4 for details on interventions used for included studies). Prospective and cross-sectional studies were excluded (6 studies), and only RCTs were included. That was because RCTs offer robust evidence clearly designating their clinical implications [13] , while they also provide evidence on the direction of relationships and associations. Finally, one study [14] was excluded because it has not produced any data as yet and four studies were excluded because they were pilot or feasibility studies [15] [16] [17] [18] . Therefore, after Phase 2, twelve studies published between 2000 and 2014, including a total of 4,014 individuals diagnosed with cancer, which explored the relationship between dietary change and HRQOL, were included in the review.
A narrative approach [19] was used to critically and qualitatively reflect on the association between changes to diet and HRQOL. Analysis focused on study characteristics (publication date; design; country of origin; participants' characteristics-both clinical and non-clinical; tool assessment), key findings, and the conclusions of each study as well as their common findings.
Quality assessment
A standardized quality checklist [20] was used to assess the quality of the included studies. This checklist was chosen because it draws upon a scoring system based on existing tools and aims at evaluating the quality of quantitative research papers. It includes 14 assessment criteria (Table 1) .
Each study was scored using a 3-point scale (2 = yes, 1 = partially, 0 = no). Where appropriate, a ''non-applicable'' score was given to studies where the specific criteria were not relevant. Then, adding the scores and dividing them by the total number of items (excluding those nonapplicable), a summary score was calculated. The score was then converted into a percentage of the maximum possible score. Two authors (APK, MP) have reviewed the included papers for quality, and any discrepancies were further discussed to come to an agreement.
Results
Study descriptions
Eight studies were conducted in the USA, one in Australia, one in Sweden and one in Portugal, and one study included participants from the USA, Canada and the UK. Most of the studies included post-diagnosis cancer patients with a range of 6 months-10 years after diagnosis [7, 9, [21] [22] [23] [24] [25] , while other studies included cancer patients on therapy [26] [27] [28] or on active surveillance [29] . All of the studies included prostate, breast and colorectal cancer patients except two that included endometrial cancer patients only [22, 24] and one that included colorectal cancer patients only [21] . One study included other cancer patient groups (head-neck/gastrointestinal tract, prostate, breast, lung, brain, gallbladder and uterus) as well [26] .
All the studies used standardized tools to assess HRQOL. Four studies also used the colorectal, breast and prostate subscale of Functional Assessment of Cancer Therapy (FACT), while another also used SF-36 to measure functional status and fatigue and endometrial symptoms subscales. This information is outlined, and the studies are presented according to whether they had a diet-only intervention (Table 2) , a diet and exercise intervention ( Table 3 ) or a multifaceted intervention (Table 4) .
Themes identified
Association between HRQOL and dietary change
Only three studies [25, 26, 28] used an intervention focusing on diet only. Six studies [9, [22] [23] [24] 33 ] used a combined intervention focusing on diet and exercise, one study [29] used a combination of diet, exercise and stress management and one study [21] used a general lifestyle intervention which included healthy eating. Four studies [7, 24, 25, 28] showed a non-significant relationship between dietary changes and HRQOL, while seven studies [9, 21, 22, 26, 27, 29, 33] found significant results either for the relationship between dietary changes and HRQOL or with some aspects of HRQOL (physical functioning) and dietary changes. Even though one study [23] found clinically significant effects of a home-based diet (aiming at healthier diet) on HRQOL, they were unable to demonstrate that this association was statistically significant. The relationship between dietary change and change in HRQOL is found to be in the following direction: dietary change (factor)-HRQOL (outcome). Carmody et al. [25] found a significant increase in prostate cancer patients' HRQOL (p = .02) after having healthier diets with an improvement in diet quality showing a positive association with increased HRQOL.
Some researchers found that interventions to improve diet quality did indeed improve psychosocial well-being/ depression and HRQOL [23] and overall HRQOL [26, 29, 33] . Another study using the 5-A-Day fruit and vegetable recommendation found that the interventions did not significantly affect or lead to a change in HRQOL but found weight loss (which possibly indicates a change in eating habits) to improve emotional well-being and self-efficacy [24] .
All of the standardized HRQOL tools comprise measures of mental and physical health. Not all studies have reported significant changes in both domains. For example, two studies [9, 21] found diet change to have a positive effect on physical HRQOL outcomes only. On the other hand, Daubenmeier et al. [29] found significant improvements to six HRQOL subscales (role limitations due to the physical symptoms, vitality, social functioning, role limitations due to emotional symptoms, mental health and bodily pain) but not on physical functioning and general health. Furthermore, different subscales of HRQOL are differently associated with dietary changes. Three studies found significant differences in physical functioning for all patients [9, 23, 33] , and one only for head and neck cancer patients [26] . Two studies found significant differences in social functioning [29, 30] , two in vitality [9, 29] , one in general health [33] and one in bodily pain, role emotional, role functioning and mental health [9] . McCarroll et al. [22] found the diet and exercise intervention to improve physical HRQOL 6 months after and fatigue 3 months after the intervention.
Cancer type
One study [7] including breast cancer patients found significant improvements to HRQOL in all groups of the intervention. Specifically, components with (a) a seleniumrich diet with exercise and (b) a selenium-rich diet with exercise and a diet high in fruit and vegetables and lower in fat led to improved HRQOL, but no significant improvements were found with regard to anxiety and depression. At the same time, dietary changes were found to be associated with changes on three out of four mental health subscales: social functioning (p = .05), role limitations-emotional (p = .02) and mental health (p = .01), and two out of four physical health subscales: physical functioning (p = .02) and bodily pain (p = .03). Two studies, which included prostate cancer patients, found an association between HRQOL and changes in diet. The one found a significant increase in HRQOL (p = .002) after adhering to a healthier diet and an association between a healthier lifestyle and physical, mental health and sexual functioning [27] , while the other found improvements to lifestyle associated with improvements to physical health and perceived stress [31] . The third study that included prostate cancer patients [30] and employed a dietary intervention only did not find the intervention to improve HRQOL but found radiotherapy to increase prostate-specific symptoms (urinary and bowel), pain, fatigue, physical and role functioning.
Two studies [7, 25] , which included both prostate and breast cancer patients, found that changes to physical functioning were clinically significant but not statistically significant. One found that HRQOL and depression scales were improved [25] . The other study [7] found no significant improvement to HRQOL (p = .16).
One study that included colorectal cancer patients found an improvement in physical health 6 and 12 months after an intervention based on elements of the acceptance and commitment therapy which included diet [21] . A study that included prostate, breast and colorectal cancer patients found a decrease in physical functioning (p = .03), an increase in overall HRQOL (p \ .001) and changes to social functioning and general health (p = .02) [33] . A healthier diet was found to be associated with increased physical health (vitality and physical functioning) (p \ .05) and lower BMI associated with reduced physical health (p \ .001). Two studies with endometrial cancer patients found a significant increase in overall HRQOL (p = .02) [24] and improvement of fatigue (p = .008) and physical health (p = .048) [22] . Finally, one study [26] included patients with head-neck and gastrointestinal tract (high-risk group) and prostate, breast, lung, brain, bladder and uterus cancer (low-risk group) and found an improvement to HRQOL after nutritional counselling in both groups, but higher in high-risk patients than low-risk patients (p = .001). Also, at the end of radiotherapy, HRQOL was found to improve through dietary change in high-risk patients (p = .001). This study is the only one that indicates the differences in how dietary changes affect HRQOL according to cancer type with highrisk patients having higher improvement onto their HRQOL than the low-risk group.
Stage of treatment
It appears that results from studies using interventions focused on cancer patients at an early stage after diagnosis and while undergoing treatment [7, 23, 24, [26] [27] [28] have mixed results. This is clearer in one study [28] , which showed the dietary intervention not to improve HRQOL but radiotherapy to decrease HRQOL by increasing prostate-specific symptoms, pain, fatigue, physical and role functioning. On the other hand, studies with participants who were cancer survivors and with most of them already having undergone treatment (surgery, radiotherapy, chemotherapy) more than 2 years before or who were on active surveillance found a significant association between dietary change and HRQOL [9, 21, 22, 25, 29, 33] .
Quality appraisal
The overall quality of studies can be rated as very high. Ten out of twelve studies scored higher than 90 % with only two scoring less. Ratings ranged from 79.2 to 95.8 % (mean = 91.7, SD = 2.4). All of the studies succeeded well in having a question or objective sufficiently described, an evident and appropriate study design, appropriate and described recruitment method and source, sufficiently described subject characteristics, appropriate and described analytic methods, variance estimations, detailed results, and a conclusion supported by results. Studies were less successful in having well-defined outcome and exposure measures that were robust to measurement bias, and having clearly described randomization procedures. There was limited information on sample size calculations, and this is discussed in detail later in the limitations of the included studies. All studies were only partly successful at controlling for confounding variables (Table 5 ).
Limitations of the included studies
The included studies have several limitations that influence their internal and external validity and limit the generalizability of their findings. The use of self-report tools to measure HRQOL is not really a limitation even though it is reported as such by some of the authors of the included studies. In cancer research, most of the information used to measure HRQOL is collected using self-report questionnaires. Moreover, Osoba [34] indicates that quality-of-life measures are more appropriately assessed using questionnaires even though self-report assessment has minimum objectivity. However, three authors state this as a study limitation [9, 27, 33] . Self-report methods for measuring HRQOL continue to be widely used and are regarded as an accepted means of measurement, so it is not a major barrier for measuring HRQOL.
A low response rate leading to response bias is another limitation common to most of the included studies. Two studies explicitly state this as a limitation of their study with a response rate of 34 [23] and 6 % [9] , while a third [7] indicates differential dropout between the study arms as a limitation (6.6 %-intervention arm and 2.2 %-attention control arm). Moreover, Mosher et al. [9] found significant differences between respondents and non-respondents with respect to sex, age, race and time since diagnosis. The rest of the included studies failed to report response rates. Also, not all the studies reported sample size calculations, and some even had a small number of participants. This has affected the quality of reporting of relationships given the limited variance in diet and HRQOL seen with such a small sample. One study [21] had limited intervention satisfaction data available. Finally, it was not possible to determine whether the source of change in HRQOL is the healthier diet or the behavioural change itself. The mechanisms of behavioural change are important for an understanding of why some patients change their behaviour, while others do not. An association is evident in some studies rather than a causal explanation.
Discussion
The aim of this review was to evaluate the relationship between change in diet after cancer and change in HRQOL
and to evaluate the quality of available evidence. The findings have been mixed. Twelve studies were identified with a range of cancer-type patients, using standardized tools to measure HRQOL and interventions that targeted dietary change. Eight of the included studies found significant differences between changes in diet and changes in HRQOL, while four did not. Results have been mixed for the domains of HRQOL affected by dietary changes. In general, findings per cancer type varied, but it was found that studies that included prostate, breast and colorectal cancer patients found significant associations between HRQOL and dietary change. Findings per stage of treatment also varied. The quality appraisal of included studies revealed highly rated quality. The mixed findings from this systematic review reflect contrary findings found previously on two prospective studies. One [35] included head and neck (group a) or oesophageal cancer patients (group b) that were evaluated 1 and 3 weeks after hospital discharge and used as their own controls and found a non-significant relationship between dietary changes and HRQOL. On the contrary, Wayne et al. [36] included breast cancer patients that were evaluated 2 years after study entry and found a significant relationship between diet and HRQOL, which was stronger for mental rather than physical functioning. This strengthens the argument in this review that survivors rather than persons in active treatment can more adequately enhance their HRQOL through dietary changes. For example, recent evidence shows that cancer therapy [37] or surgery [38] can have a severe impact on patients' HRQOL.
A meta-analysis of physical activity interventions [39] and a review of physical activity primary care interventions [40] point out that single-factor intervention is more effective in achieving lifestyle change-related outcomes rather than multiple-factor interventions. Unlike these findings, this systematic review could not support this. There was no consistent evidence that studies including a single-factor intervention (i.e. interventions with a dietary component only) were associated with HRQOL-related benefits compared to studies including a multifaceted intervention.
Only one study [29] found dietary change to affect mental health, contrary to Wayne et al. [36] who, in their prospective study, had previously found better diet quality to be associated with three of the four mental health subcategories and two out of four physical health subcategories and diet quality to be associated with mental and physical functioning. Recent evidence proposed that fatigue is the most impacted component among breast, prostate and colorectal cancer patients [41] . This review found different components of HRQOL to be affected by interventions with a dietary component.
Cancer patient groups in the included studies were affected differently by changes to their diet. This is in line with Blanchard et al. [42] who found that healthy eating recommendations significantly affected the HRQOL of breast, prostate and colorectal and skin melanoma patients, but not of bladder and uterine cancer patients. Previously, a significant relationship between physical well-being and diet among cervical cancer patients was demonstrated, while breast cancer patients had a significant improvement to their physical well-being and exercise but not to their diet [43] . This may indicate the importance, when assessing cancer survivors rather than cancer patients who are in treatment, of noting that the treatment can have adverse side effects, which can interfere with their HRQOL.
Overall cancer populations with a high percentage of survivors (breast, prostate and colorectal) seem to be most responsive to interventions, judging by the indications of dietary modification effects on their HRQOL. This may be due to the fact that they are the most researched population, but it can also reflect gender issues with female patients more interested in changing their diets or even media coverage of dietary effects. There are also concerns with external validity that make generalizing the findings of these studies problematic, namely that the majority of them deal with the most frequently researched cancer populations.
Differences between cancer types were also found in a study looking at changes to head and neck cancer patients' relationship with food [44] . This is similar to what Ravasco et al. [26] found with the high-risk group of cancer patients (head and neck) having less improvement in their HRQOL after the intervention rather than low-risk group. It is expected that head and neck cancer patients would report differently as the cancer has a direct influence on their capacity to eat. However, if patients' perspectives and attitudes towards food differ among cancer groups, this may explain the wide variance in results when it comes to eating behaviour, especially among cancer groups receiving different and diverse therapies.
Methodological issues can also explain the variability of findings such as the fact that two of the five included studies that found non-significant associations between HRQOL and dietary change suffer from small sample size. There is also a chance of ceiling effects because scores on HRQOL were already high at baseline.
Identifying any associations between any form of lifestyle change and HRQOL is vital as it can help health practitioners and policy-makers decide whether modifications to a cancer patients' lifestyle will be beneficial or not. The literature provides useful indications that an association may be present, but suggests that more research is needed to identify how different forms of HRQOL are affected by lifestyle changes and, moreover, to focus on The bold values are the overall percentage data for reported scores using the item checklist. It is to emphasize on the results of the quality assessment of included studies dietary change in particular. More work in this area is clearly needed as previous research [45] indicates that physicians' recommendations can lead to significant positive dietary change among patients. This review offers useful information to begin the understanding of the relationship between HRQOL and dietary changes in the cancer population.
Limitations
A problem derives from the fact that very few studies in the review include diet as the single target of the intervention. Most of them include other changes as well, such as exercise, smoking cessation. The issue of multi-behavioural interventions creates a difficulty in isolating the effects of dietary change from those of other lifestyle changes.
Another problem is that the included patients were at different treatment stages. Intervening with a group of cancer patients who are undergoing active treatment is different from intervening with cancer survivors while the time since diagnosis also plays an important role in the type and efficacy of the intervention. Side effects on patients in active treatment can substantially influence their HRQOL through effects on their eating capacity (swallow, appetite), bowel function, treatment-related anxiety, etc. For example, two randomized control trials [46, 47] share a lot of similarities, but differ significantly due to the fact that one had patients on active treatment and the other did not. Demark-Wahnefried [7] suggests that the timing of lifestyle intervention is important when HRQOL is the primary outcome. However, most of the included studies did not have HRQOL as the primary outcome.
The variance in results on HRQOL domains confirms the need for robustly designed RCTs that aim to investigate the effects of lifestyle changes on HRQOL and the necessity to re-visit the properties of HRQOL psychometric testing. It could be that relating HRQOL with other mental and physical health variables such as self-efficacy and control or depression, sleep quality and anxiety levels may highlight the overlap of HRQOL with other psychological constructs and explain mixed results. Nonetheless, the variability in results can be moderated by the inclusion of a perceived behavioural control measure in future studies. The importance of control is one that might interlink with other constructs such as HRQOL. Future studies should aim to identify whether there is an underlying dimension linking HRQOL and an internal sense of control and investigate whether changes to lifestyle or behaviour affect either or both of these constructs. Future systematic reviews can consider including patients in active treatment or active surveillance only.
Conclusions
Findings from the systematic review are inconclusive, but indicative of the need to further investigate the association between dietary changes and HRQOL among cancer patients. Firstly, it is suggested that the interventions used to change patients' dietary behaviour have mixed effects on patients' HRQOL. Secondly, different constructs of HRQOL are differently affected by changes in diet with no clear indication of a strong effect on physical or mental health. Therefore, there is need to explore the areas of patients' HRQOL that are associated with dietary behaviour change. Thirdly, patients diagnosed with a cancer with high survival rates (prostate, breast and colorectal cancer) or those categorized as lower risk are more likely to experience changes in their HRQOL after changing their diet compared to other cancer types. Therefore, cancer survival rates create the need to understand the association between HRQOL and dietary behaviour change. This can trigger clinicians to focus on patients' adherence to healthy eating recommendations.
